Background: In Western countries, about a quarter of children are affected by parental separation and a number of authors have previously investigated how familial structure impacts children's health. The purpose of the work: to analyze the psychomotor development of children aged 28 to 32 months based on family structure (parents together or separated), independently of the influence of socio-economic environment that is well documented. To analyse the psychomotor development of children younger than 3 years based on family structure (parents together or separated) independently of the influence of socio-economic environment that is well documented. Methods: Cross-sectional study by examination of 28 871 children as part of a free preventive medicine consultation. The data came from an assessment conducted 28 to 32 months after birth during which information was collected about the psychomotor development: to perform a standing jump, dress themselves, draw a vertical line and circle, use the "I" pronoun, build a three-word sentence, and say their first name Results: Ten percent of the children had separated parents. Compared to parents who were together, when adjusting for the socioeconomic environment, as well as all potential confounders, the adjusted odds ratios (ORs) (95 % confidence interval [CI]) for children with separated parents, in terms of their ability to perform a standing jump, dress themselves, and draw a vertical line and circle were respectively 0.9 (0.7-1.1), 1.1 (0.9-1.2), 1.3 (1.1-1.4) and 1.2 (1.1-1.4). The adjusted ORs (95 % CI) for children's inability to say the "I" pronoun, build a three-word sentence, and say their first name were respectively 1.2 (1.1-1.3), 1.3 (1.2-1.5), and 1.2 (0.9-1.5). Conclusions: After adjusting for sociocultural factors and other potential confounders, we observed that the children exhibited slower progression in psychomotor development, especially in language and graphic abilities when their parents were separated. While the implications of our study are somewhat limited, they do provide us with the necessary arguments enabling us to set up a prospective cohort study. Such a study should be able to better assess the impact of parental separation on the child's development, confirming our preliminary results.
Background
A 2011 study conducted in Canada revealed that about 20 % of <15-year-olds were living with only one parent, while approximately 26 % of young Americans were living with only one of their parents in 2014 [1, 2] . In Australia, 15 % of children aged 0 to 4 years old were living in single-parent families in 2012-2013 and 5 % in blended families [3] . The situation is similar in Europe. In Great-Britain, 20 % of families with children were single-parent families in 2001 [4] , and in 2006 alone, half of the separated couples were associated with over 125,000 children aged 0 to 16 years [5] . In Belgium, 20 % of children aged 0 to 16 were living in a singleparent or blended family in 2002 [6] and from 2008 to 2010, 6.8 % of infants aged 7 to 11 months were living in the same situation in the French community of Belgium, this percentage increasing to almost 10 % when the infants reached 30 months old [7] . A number of authors have previously investigated how familial structure influences children's health on a somatic, psychological, and behavioural level. An American study involving 102,000 families between 2002 and 2003 demonstrated that, regardless of socioeconomic status, young people of all ages who were not living with both of their parents developed, among other issues, more adjustment disorders and difficulties at school, requiring more specialized care than others [8] . An US cross-sectional study has revealed that parental separation, is associated with more behavioural development disorders in children under 6 years compared to observations for situations when the parental couple is intact [9] . In Belgium, family doctors have noticed problems linked to the medical follow-up of children, as well as somatic, behavioural, and educational impacts, as a result of parental separations [10] . While there have been some studies establishing a significant link between parental separation and lower cognitive development score in school aged children [11] , there are, to the best of our knowledge, only a few studies on this subject concerning preschool-age infants. The main objective of this study was therefore to assess the potential association between parental separation and the psychomotor development of children aged 28 to 32 months. The secondary objective was to identify the other factors related to the children's delayed development at this age for potential applications in first-line treatment.
Methods

Study population
In the French community of Belgium, the Office de la Naissance et de l'Enfance ([ONE], Office of Birth and Childhood)offers a free preventive check-up program from pregnancy up to the child's 6th year, compiling all the data in a computerized database. The data is collected for very young infants at five points in time: at birth in the maternity hospital, after discharge from hospital, between 7 and 11 months of age, between 16 and 20 months, and between 28 and 32 months. For each point of this checkup program, a data collection sheet is completed by a nurse, midwife, social worker, paediatrician or family doctor specifically trained for this task. Once completed, these results are anonymised and encoded in the central database. This system is in place for evaluation purposes and facilitates changes in policy concerning the areas of perinatal and early childhood social medicine. It should be noted that the data collection files pertaining to the three screening age groups were independent from each other, which forced us to employ a transversal analysis approach for our research. The research protocol was approved by the local ethics committee (ERASME hospital; medical board's approval number: OM 021) on January 24, 2012 under the following reference: P2012/026.
We analysed the data of 30,769 children entered into the ONE database between 2006 and 2012 who had undergone a preventive health assessment 28 to 32 months after birth.
Assessment of main exposure
Family structure was classified into the following seven categories: parents together, parents separated, the child only sees one parent, blended family, the child is in a children's home/foster home, other situations (living with grandparents, other family members), and unknown. Considering our definition of parental separation, i.e., parents not living together under the same roof, it should be noted that our analyses included only non-separated and separated parents (n = 28,871), meaning children who only saw one parent or were living in blended families falling under the second category.
Assessment of other covariates
The other independent variables included in the analyses were the age of the mothers at childbirth and their level of education. Maternal age was categorized by separating very young mothers (<18) from older mothers (≥38, the age at which amniocentesis is systematically recommended). For the analyses, educational level was grouped into three categories (Table 1) . For the variable concerning the language spoken at home, we merged the two different wordings used for the 2006-2009 and 2010-2012 periods so as to create a single variable reporting whether French was the child's mother tongue or not. For analyzing variables concerning psychomotor development, we took into account the following additional parameters as potential influent factors: child's gender, age in months in three categories (<27, 28-32, ≥33), birth weight (<2500 g vs. ≥2500 g), and body mass index (BMI) at the time of assessment. Hearing impairment was also screened for (whispered voice test) and data was collected on history of transtympanic drain and attendance at a day nursery or not between 2010 and 2012. BMI was calculated based on height and weight using the standard formula (weight in kg/height in m 2 ). Based on the 2006 World Health Organization (WHO) growth standards, we determined whether the child exhibited a normal BMI-for-age (≥3rd percentile and ≤97th percentile) or not (<3rd percentile or >97th percentile). The "unknown" category answers were excluded from the analyses due to our previous observations that the distribution of socioeconomic status variables did not significantly differ among this group.
Outcome ascertainment
The dependent binary variables considered based on our research question were the children's ability to perform a standing jump, dress themselves (except shoes and buttons), draw a vertical line and circle, use the "I" pronoun, build a three-word sentence, and say their first name. These tests feature as part of the Denver Developmental Screening Test (DDST) [12] For the variables concerning the children's ability to dress themselves and use the "I" pronoun, the analysis was only conducted for data from the 2006-2009 period. For the variable describing the children's ability to say their first name, only 2010-2012 data was used. We thus analyzed the entire cohort according to the availability of variables in the different periods (2006-2012, 2006-2009, and 2010-2012) . This process of restricting the analysis to one of the two periods was not problematic given the large sample size.
Statistical analysis
We conducted the Chi-squared test, deriving the odds ratios (ORs), along with their confidence intervals at 95 % (95 % CI), in order to compare the two groups of children aged 28 to 32 months, namely those exposed to parental separation versus those not. Multivariate analyses of binary logistic regression were used to adjust the effect of exposure. The models were designed using a backward selection method for potential confounders and the parental situation variable was automatically included in the models. The interactions between this variable and other predictors were tested, with the analysis by child gender proving significant for the children's ability to say their first name and draw a circle. We performed the Hosmer-Lemeshow test in order to confirm the models' suitability. The absence of collinearity between the predictors included in the model was verified by means of variance inflation factors (VIFs). All analyses were conducted using the STATA 12.0 software (http://www.stata.com).
Results
At birth, 60 % of mothers were aged between 18 and 30 years, while 1 % were under 17. Approximately 46 % had obtained a higher education diploma, whereas 22 % had not finished secondary education, and French was not the mother tongue in 22 % of the families (Table 1) . In our population, approaching 10 % of children had separated parents, lived in blended families or saw only one of their parents (Table 1) . Our sample comprised slightly more boys than girls and the proportion of children with a low birth weight (<2500 g) amounted to 7 %. On clinical work up, 2 and 6 % of the children exhibited a BMI inferior to the 3rd percentile and superior to the 97th, respectively, and 3 % exhibited hearing impairment. We also found that 55 % attended a day nursery (Table 1) . From 2006 to 2012, 22 % of the children affected by parental separation were unable to draw a vertical line, as compared to nearly 17 % of those whose parents were together (p <0.001) ( Table 2 ). For the same period, 30 % of those affected by parental separation were unable to draw a circle, compared to slightly less than 25 % of those whose parental couple was intact Table 2) . Between 2006 and 2012, approximately 25 % and 18 % of the children in separatedparent and together-parent families, respectively, were unable to build a three-word sentence (p <0.001) ( Table 2) . As for the children's ability to perform a standing jump and dress themselves, however, no significant difference was observed according to family structure (Table 2) . After adjusting for sociocultural factors and other potential confounders provided by the database, parental separation was found to still significantly correlate to the children's graphic ability (vertical line and circle) and language acquisition ("I" and three-word sentence) variables (Table 3 ). The adjusted ORs were generally slightly lower than the crude ORs (Table 3) and, once adjusted, the OR for the children's ability to say their first name was no longer significant (Table 3) . For this variable, we observed a significant interaction between the child's gender and the family structure. In boys, the adjusted OR regarding the children's ability to say their first name in cases involving separated parents was 1.5 (95 % CI: 1.2-2.0), whereas the association with family structure was not found to be significant in girls, with an OR of approximately 1 (Table 4) . A similar correlation was observed relating to the inability to draw a circle. In boys, the adjusted OR was 1.4 (95 % CI: 1.2-1.7) in cases involving parental separation, whereas the association was non-significant in girls. Hearing impairment was the most strongly associated factor with the different variables corresponding to the children's psychomotor development, with adjusted ORs ranging from 2 to 8 (Table 3) . Male gender was also associated with an increased risk of slowed acquisition of skills, as was the factor of the mother's young age at childbirth and low level of education, as well as a child's low birth weight and abnormal BMI (<3rd percentile or >97th percentile) at assessment time (Table 3) . Unsurprisingly, the younger the child, the less successful he was in the different tests (Table 3) . Moreover, for the 2010-2012 period, not attending a day nursery was associated with children's inability to build a three-word sentence and say their first name, with adjusted ORs of 1.6 (95 % CI:1.4-1.9) and 1.8 (95 % CI: 1.5-2.0), respectively (Table 3) . It should also be noted that, when French was not the children's mother tongue, they were less often able to say their first name (1.3; 95 % CI: 1.1-1.5), yet were more likely able to use the "I" pronoun in their language and dress themselves, with an adjusted OR of 0.8 (95 % CI: 0.7-0.9) in both cases (Table 3) . 
Discussion
After adjusting for sociocultural factors and mother's age at childbirth, along with other potential confounders like the children's own characteristics, we observed that the children exhibited slower progression in psychomotor development, especially in language and graphic ability, when their parents were separated.
Strengths and limitations of the study
Caution should be exercised in interpreting these results owing to the methods we employed. The cross-sectional nature of our study resulted in uncertainty with regard to time. Given that the development tests were carried out by the physician working for the ONE organisation, parental separation certainly occurred prior to the screening date. It must, however, be mentioned that the exact date of parental separation remains unknown to us. Of note is also that the data, such as parental education level or the child's family situation, was retrieved from the parent(s) that accompanied the child, which certainly constitutes a limitation to our research work. The children's ability to perform a standing jump, dress themselves, and draw a vertical line and circle, as well as their language acquisition level, which was judged by their ability to build a three-word sentence, are all considered pertinent criteria for assessing their psychomotor development. These criteria are not only used in the DDST [12] , but also in other screening tools adapted for children of preschool age, such as standard developmental milestones [13] and the Bayley Scales of Infant and Toddler Development [14] . The ONE opted for these tests due to their ease of use in first-line consultation. Studies have proven the DDST's validity for detecting developmental delays on a large scale [15, 16] and it is regularly used as a reference tool [17] . Nevertheless, the child's cooperation is required for performing these tests, which is not always easy to achieve during a preventive-medicine consultation of limited duration, thus accounting for the relatively high number of "uncom- slightly more than one-third of mothers had completed upper secondary education, as is the case in the general population, those with a higher education level were overrepresented in our study (46 % vs. 26 % in the general population), whereas mothers who had not completed secondary education were underrepresented (22 % vs.40 %) [19] . A possible explanation for this could be that the ONE preventive medicine program is wholly free of charge and accessible to all, with no exceptions, yet is not mandatory. Our study population was thus composed of families who made the voluntary choice of bringing their child to the ONE for preventive examinations, a choice found to be more frequently made in less impoverished families, which may have introduced a bias. Nevertheless, this bias was only of relative importance, since our study sought to compare children living with both parents to those not, which was still possible in our sample given that all sociocultural levels were sufficiently represented. Furthermore, our study hypothesis held that parental separation could present a risk factor for developmental delay, independent of social environment. Several studies have demonstrated that socioeconomic status is a major indicator of children's neurocognitive performance and that there is a negative correlation between the progression of instability and the children's optimal development [20, 21] . Yet as our study sample was composed of children from less underprivileged families, it could be suggested that, should our results feature a bias, it would weaken their significance. In addition, it should also be noted that there is no other database in Belgium that systematically collects the psychomotor development levels of children of this age in the general population.
Comparison with other studies
Studies specifically assessing the possible association between parental situation (parents living together or not) and children's psychomotor development are few and far between. One example is an American review, which aimed to assess the use of risk factors for the first-line detection of language delays in children of preschool age. In this study, while the family history of language delay, male gender, parental education level, child's medical history since birth, and number of brothers and sisters were all mentioned as risk factors, neither the mother's marital status nor the family structure (parents together or separated) were taken into account [22] . In contrast, a Brazilian study reported a significant adjusted association existing between developmental delay in children aged 0 to 6 years, on the one hand, and poverty, very young maternal age, and also lack of paternal support for the child's education on the other [23] . More specifically, a longitudinal study conducted in New York involving 290 children aged between 24 and 36 months revealed paternal involvement to have a positive impact on language acquisition [24] . Another longitudinal study, conducted in Great Britain, also found that children aged 0 to 8 years who were exposed to parental separation produced poorer results for language, reading, writing, and drawing tests following adjustment for sociocultural environment [9] . In Belgium, there was also a cross-sectional study conducted in 7-to 11-month-old infants that observed a significant correlation between delayed psychomotor development and parental separation [25] . In this study, the variable pertaining to the child's psychomotor development assessed whether there were at least two anomalies at the time the assessment was conducted, while taking into account the child's age expressed in months as based on the neurological examination. In comparison with the child living together with its parents, a psychomotor developmental delay was observed more often in those whose parents were separated, with an adjusted OR of 1.3 (95 % CI: 1.1-1.6). Further contributing to this area of research, a Spanish prospective study involving 433 2-yearold children sought to determine the positive predictors of psychomotor development, among others, so as to create an evaluation scale that also integrates family context. These researchers identified the most potent indicators such as paternal involvement and infrequent or minor family conflicts, as well as low exposure to parental and child stress [26] . Certain literature reviews and qualitative studies have associated parental separation with the accumulation of risk factors for developmental delay, such as family conflicts, one parent's loss of interest in the child's education, and parental psychopathology [10, 27] . Several studies have, in fact, observed that maternal psychopathology [28, 29] may induce developmental disorders in children [30, 31] . Yet other studies, some prospective in nature [32] , have demonstrated the positive impact of breastfeeding for at least 6 months on the psychomotor development of children during the first 5 years of life.
Other studies have revealed a relationship between maternal marital status and breastfeeding [33] , in particular including a cross-sectional study demonstrating a significant association between parental separation and specific parental behaviors, such as less frequent breastfeeding or earlier weaning [34] . This relationship between breastfeeding and the child's development could at least be partly accounted for by the regulation mechanisms of cortisol metabolism and stress in children [35, 36] . Our other results are consistent with those described in the literature: children's psychomotor development is impacted by socioeconomic status [21, 22] , mother's age at child birth, education level of the parents (especially the mother) [23, 37] , child's birth weight [31] , and child's hearing quality due to the involvement of the mirror neuron system [38, 39] . In line with the literature, our analyses also revealed that psychomotor development was systematically slower in boys [23] . Furthermore, we observed that boys were particularly sensitive to the family environment, notably regarding the ability to say their first name or draw a circle (Table 4) . Similar results can be found in the literature, with a Swedish longitudinal study concluding that boys are more vulnerable to psychosocial difficulties when it comes to their acquisition of graphic skills and language [40] . We observed a significant correlation between abnormal BMI and the child's psychomotor development for only two abilities: children's ability to dress themselves and say their first name. As in our study, the literature does not report any significant association between motor skill acquisition and BMI [41, 42] . Some studies, however, have described a relationship between the behavioural and cognitive status in schoolage children and a history of failure to thrive during early childhood [43, 44] . In our study, the children whose mother tongue was not French were more rapidly able to use the "I" pronoun in their language, though they took longer to say their first name. This finding is not, however, clearly supported in the literature. Finally, echoing the literature, our results revealed that children attending a day nursery were more rapidly able to say their first name or build a three-word sentence than others [45] Conclusions Implications for care givers involved in the child's development. Our study has confirmed the need for screening interventions focused on the psychomotor development of children of preschool age, namely regarding graphic skills and language acquisition. This screening is especially crucial in impoverished families, when the mother is very young or has a low education level, and when the child had a low birth weight, as well as in cases of child hearing impairment. In this regard, the proactivity of family doctors remains essential, given that almost all families in Belgium have an appointed family doctor typically consulted on average four times a year by 90 % of adults and 70 % of children. We also know that the poorer families are, the more often they go to see their general practitioner [46] . Our research exhibits several limitations, such as selection bias, transversal analysis methodology, most data being retrieved from the declarations of the parent accompanying the child with uncertainty about the exact date of parental separation, etc. However, it must be pointed out that our results reveal that, irrespective of the child's birth weight, BMI, hearing quality, or cultural environment, and of the mother's education level, along with all the potential related factors in terms of child development, children aged 28 to 32 months were shown to exhibit a slower acquisition of graphic and language skills when affected by parental separation than those living with an intact parental couple. Despite the low ORs with respect to the large sample size, parental separation concerns one-quarter of the country's paediatric population [6] , thus displaying a huge impact in terms of public health issues. Several studies have revealed that in comparison with other children, those exhibiting developmental delays at preschool age were more exposed during their lifetime to poorer health conditions, socio-economical problems, as well as social isolation. And in addition, early support for parents was shown to be efficacious in slowing down the aggravation of difficulties [47, 48] . The same type of conclusions can be drawn for children with so-called delay in language acquisition. Even if most of them will recover and be able to speak normally at the age of 5-7 years, they are meant to suffer more frequently from problems pertaining to the socio-affective domain [49] . Even though this study does not provide any explanation concerning the link between parental separation and developmental delay, it encourages us to revise our commonly-held assumption that the less-than-optimal development of children with separated parents is due solely to a more economically precarious environment. General practitioners do play a crucial role in both the prevention and detection of health risk in very young children. It therefore appears paramount that the primary care physician gathers information about the child's family environment.
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